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INTRODUCTION 

The  photometric  method  for  determining  the  protein  content  of  - 
wheat  flour  reported  last  year  by  on©  of  us  1/  has  been  subjected  to 
further  study  by  the  Agricultural  Marketing  Service  in  an  effort  to 
develop  a  practical  method,  simpler  and  more  convenient  than  the 
established  Kjeldahl  procedure,  for  determining  protein  in  v\rheat. 
If  the  method  could  be  developed  in  juch  a  vray  that  it  vrould  dif- 
ferentiate between  the  gluten  proteins  of  the  endosperm  and  the  non-  ' 
gluten  proteins  of  the  non-endosperm  constituents  of  the  vj-heat  kernel, 
its  value  would  be  greatly  enhanced. 

The  method  is  based  on  the  peptization  of  the  wheat  proteins 
by  dilute  alkali,  the  preparation  of  a  stable  colloidal  suspension 
of  the  gluten  proteins  by  accurately  controlled  partial  neutralization 
of  the  alkaline  extract,  and  the  measurement  of  the  light  transmission 
through  this  suspension  by  means  of  the  photoelectric  photometer. 

"The  proteins  of  ground  ?rheat  are  readily  peptized  by  dilute 
alkali.    Neutralization  of  a  portion  of  the  alkaline  extract  to 
a  definite  pH  by  means  of  a  suitable  standard  buffer  solution  causes 
a  marked  aggregation  of  the  protein  micelles  of  the  prolaminee  and 
glutelins  into  particles  sufficiently  large  to  oroduce  a  marked 
turbidity  but  not  large  enough  to  cause  precipitation  within  a 
reasonable  length  of  time.    Properly  prepared  suspensions  of  this 
type  are  remarkably?"  stable  and  show  very  little  chr.ngo  in  optical 
density  over  a  period  of  24  hours.    Globulins,  albiu-iiins,  proteoses, 
peptides,  and  amino  acids  remain  completely^  dispersed  under  this 
treatment  and,  he  Ace,  do  not  aor.tribut^k  appreciably  to  the  turbidity 
of  the  suspension,  '  ^ 


y    Zele^y,  L.,  Cer.;al  Chcm.  18.  86-92  (l94l). 


Although  wheat  gem  contains  about  40  percent  of  protein,  the  pro- 
tein consists  chiefly  of  a  globulin  and  an  albumin,  neither  of  which  is 
determined  by  the  photometric  method.     Bran  contains  about  17.5  percent 
protein  consisting  of  globulin  and  albumin  in  addition  to  considerable 
quantities  of  a  prolamine  and  probably  a  glutelin.    It  might  be  expected 
that  the  latter  two  proteins  could  not  be  differentiated  photometrically 
from  the  gluten  proteins,  but  tests  on  relatively  pure  bran  indicate  that 
these  proteins  produce  considerably  less  turbidity  under  the  conditions 
of  the  test  than  do  the  corresponding  proteins  (the  gluten  proteins)  of 
the  endosperm.    It  may  be  stated,  then,  tho.t  the  photometric  method  does 
differentiate  in  a  large  measure  between  the  gluten  and  the  non-gluten  ' 
proteins  of  the  wheat  and  that  the  test  is  nearly,  although  not  entirely, 
specific  for  the  gluten  proteins, 

THE  !£ETHOD 

The  photometric  method  used  in  this  study  ims  found  to  be  applicable 
to  both  wheat  and  wheat  flour.    The  details  of  the  procedure  are  given  below. 
This  method  differs  in  certain  minor  respects  from  the  one  previously  re- 
ported for  wheat  flour  (see  footnote  l) , 

(1)  To  exactly  0.5  gram  of  the  freshly  and  finely 
ground,  well-mixed  sannle  in  a  I30  ml.  centrifuge  tube  that 
can  be  stoppered,  add  100  ml,  of  0,05  N.  KOH  solution. 

(2)  Shake  the  stoppered  tube  intermittently  for  about 
3  nir.utec,  remove  the  stopoer,  and  centrifuge  for  10  rainutes 
at  approximately  1800  r.pm.     (In  the  case  of  flour  lumps  may 
form  Which  must .'.  bC?^  "Oi'iipletely  b  roken  up  ■'-firing  the  shaking 
process  '  ef  ore  ceiitrifuging. ) 

(3)  To  exactl:^  5  I'll,  of  the  centrifugate  in  a  photo- 
meter test  tu'-e  (one  of  the  selected  tubes  for  use  in  lieu 
of  an  absor'^.tion  cell),  add  exactly  2  5  ml.  of  a  '-uffer  solu- 
tion made  by  mixing  6  parts  '  y  vo^k-ume  of  0.2  M.KH2P0/^  with 

with  94  parts  by  volu^.e  of  0.2  M.Na2HP0^      This  buffer  solu-  , 

tion  should  have  a  pH  of  7.8  and  should  be  preserved  by  the 
addition  of  1  ml.  of  toluene  per  liter  of  solution.  Mix 
the  contents  of  the  test  tube  by  inversion  and  allow  to 
stand  for  1  hour, 

(4)  Determine  the  transmission  of  liht  through  the 
solution  in  the  test  tube  with  a  -ohotoelectric  photometer, 
usin.^r  a  li?ht  filter  having  a  maximum  transmission  at  a 
wave  length  of  530  millimicrons , i  (Other  wave  lengths  will 
give  different  but  equally  satisfactory  results.) 
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■    DETERIIINATION  OF  ENDOSPSI^!  PROTEIIJ.     '    .  ;   .  . 

Since  the  readings  obtained  by  the  photometer  pres-uma'-^ly  are 
dependent  upon  the  .eluten  •:>rotein  rather  than  upon  the  total  protein 
content  of  the  sample  and  since  the  ratio  of  gluten  protein  to  total 
protel"".  varies  •^'.'idel^  among  different  sarioles  of  "rheat,  an  accurate 
evaluation  of  the  reliability  ox  the  photometric  results  as  a  measure 
of  ■-■luten  protein  can  be  made  only  by  a  direct  comparison  of  photo- 
metric readings mth  -^luten  content  values. 

Unfortunately^,  however,  there  appears  to  be 'ho  direct  and  accurate 
method  for  determining^  the  gluten  protein  content  of  •'heat  other  than 
the  extremely  tedious  and  impractical  procedure  of  dissecting  the- oure 
endosperm  from  a  large  number"  of  kernels  and  carrying  out  peptization  ' 
studies  on  the  dissected  material.    In  the  absence  of  a  practical  direct 
method  we  have  endeavored  to  calculate  the  endosperm  protein  content  of 
v^heat  indirectly  from  the  total  p r-^tein  and  ash  content  of  the  sample, 
Alth^u?h  pure  endosperm.  pr^^'^  abLy  contains  proteins  other  than  the  gluten 
proteins  it  is  assumed  that  the  content  cf  such  non-gluten  protein  in 
oo       the  endospen.i  is  very  small. 


If  the  ash  content  of  endosoerm  and  the  non-endosperm  portion  of 
a  sample  of  wheat  vfere  knoi-'Ti,  the  percentages  of  endosperm,  and  non- 
endosperm  constituents  could  be  calculated  '-y  simple  proportion  using 
the  equations: 

(1)  ^        100    (%r  -  Ae) 

~  ^E 

(2)  E    r:      100  -  N 

where    N  z  ^  non-endosperm, 
E  z  ^  endosperm, 
A]|7  z  %  ash  in  wheat, 

Ae  =  /to  ash  in  endosperm, 
and  Aj^j  -  %  ash  in  non-endosperm 

Since  pure  bran  and  pure  germ,  contain  close  to  9  percent  and  5  per- 
cent of  ash  respectively    and  since  the  ratio  of  bran  to  germ  in  the  v:heat 
kernel^ IS  ordinarily  about  13:2.5,  the  ash  content  of  the  non-endosoerm 
portion  of  the  wheat  kernel  is  calculated  to  be  approximately  S.4- percent. 
If  it  is  assumed  that  the  ash  content  of  pure  wheat  endospeim  is  0.35  per- 
cent, equation  (l)  may  be  simplified  to: 

■     :■  ■  (3)  _       100  (Aw  -  0.35) 


8.05 

-  -f 

Although  the  values  for  ash  content  of  the  endosperm  and  non-endosperm 
may  vaiy  from,  those  used  in  equation  (3),  the  difference  betvreen  the  two 
values  is  so  great  that  the  normal  variability  of  either  of  them  vfill  have 
but  little  effect  on  the  calculated  value  of  N. 
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In  the  ^enerr.l  run  of  hard  rc-d  vrintcr  wheat  the  ratio  of  bran  weight 
to  germ  weight  may  '^e  considered  to  be  reasonably  constant ^  the  weight  of 
endosperm  being  the  moist  varia'^le  factor.    The  range  in  wheat  ash  ordinarily 
encountered  corresoonds  to  a  rann-e  in  the  non-endosperm  constituents  of  from 
10  to  30  -percent  as  calculated  from  equation  (3),  and  the  range  in  germ  con- 
tent is  generall^r  considered  to  '-e  fron  2  to  3  percent  of  the  wheat.  Using 
these  values^  the  germ  content  and  the  bran  content  of  any  sample  may  be 
calculated  from  the  non-endosperm  content  by  means  of  the  follov/ing  equations: 

(U)  G 

and  (5)  B 
.  -  i/here  G 

B 

and  N 

Since  pure  bran  is  said  to  contain  approximately  17,5  percent  protein 
and  pure  germ  40  percent  protein,  the  bran  and  germ  protein  contents  of  the^ 
original  wheat  may  be  determined  by  using  the  values  obtained  in  equations 
(4)  and  (5).    The  endosperm  protein  is  then  obtained  by  subtracting  the  sum 
of  the  bran  and  germ  protein  from  the  total  protein  value. 

The  above  method  for  determining  the  endosperm,  protein  content  of 
XTheat  is  based  on  the  assumption  that  the  variation  in  ash  content  among 
different  samples  of  wheat  is  due  to  the  variation  in  the  prcportions  of  ' 
the  three  major  structures  of  the  wheat  kernel,  endosperm,  germ,,  and  bran, 
and  not  to  a  variation  in  the  ash  content  of  the  individual  structures 
themselves.    It  is  also  based  on  the  assumption  that  variation  in  wheat 
protein  is  due  priraarily  to  variation  in  relative  size  and  protein  content 
of  the  endosperm,  and  that  the  nrotein  content  of  nur^.  bran  and  of  pure 
germ  is  relatively  constant.    Obviously  these  assumptions  are  not  strictly 
true  and  the  calculated  values  for  endosperm  protein  cannot,  therefore,  he 
considered  highly  accurate.      Except  in  unusual  instances,  however,  it  is 
not  likely  that  variabilities  in  the  values  assumed  to  be  constant  are  suf- 
ficiently great  to  cause  serious  errors  in  this  method  of  calculation, 

EXPERBffiKTAL  VfORK 

One  hundred  and  ninety-five  samples  of  commercial  hard  red  v/inter 
wheat  of  the  1940  crop  fron  15  different  states  v/ere  analyzed  by  the  photo- 
metric" method  and  the  light  transmission  values  compared  vrith  the  protein 
content  values  determined  by  the  Kjeldahl  method^    Thef  results  are  listed 
in  table  1  and  are  shown  graphically  in  figure  1, 

From  a  study  of  the  graphical  presentation  of  these  data  (fig"^  'l).  / 
it  became  evident  that  in  the  case  of  wheats  that  v/ere  characterized  by  low 
test  ":eight,  high  ash  content,  end  a  shriveled  appear^Lnce,  light  transmission 
values  usually  indicated  lower  protein  contents  than  those  sho?m  by  Kjeldahl 
analysis.    Such  wheats  contain  more  bran  and  less  endosperm  than  normal  wheats 
and  consequently  show  a  lower  than  average  ratio  of  gluten  protein  to  total 
protein.    Conversely  in  the  case  of  wheats  that  were  characterized  by  high 
test  weight,  low  ash  content,  and  a  plump  appearance,  light  transmission 


-  .o$i;  +  1.5 

r  N  -  G 
=  %  germ 
=  %  bran 

z  %  non-endosperm  (from  equation  3) 
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values  usually  indicated  higher  protein  contents  than  those  shoim 
by  Kjeldahl  analysis.    V;[heats  of  this  "i^ype  contain  less  bran  and 
more  endosperm  than  average  wheats  and  hence  shoY7  a  hi;^her  than 
average  ratio  of  gluten  protein  to  total  protein.     These  observa- 
tions support  the  theory  that  light  transmission  values  are  a 
better  index  of  gluten  protein  than  of  total  protein  content. 

ADDroximate  values  of  endosperm  orotein  content  for  the  series 

AX 

of  samples  under  investigation  Tfere  determined  by  the  method  herein 
described.     These  values  also  are  listed  in  table  1  and  are  shoivn 
graphically  in  figure  2,      A  comparison  of  figures  1  and  2  indicates 
that  the  endosperm  protein  appears  to  bear  a  linear  relationship 
to  light  transmission  but  that  the  relationship  between  total 
protein  and  light  transmission  is  curvilinear.      For  the  purposes 
of  statistical  analysis  it  v/as  found  that  this  latter  relationship 
could  be  m.ade  linear  by  using  the  trcsi^io  of  the  total  protein 
content  rather  than  the  total  protein  content  itself,  2/ 

The  following  statistical  values  for  correlation  coefficient 
and  standard  errors  of  estimate  were  obtained: 

For  total  protein  and  light  transmission 

r   =    -  0,969 

S    =    0.634  arc sine  of  the  total  protein  percentage 
-    approximately  0,49?  total  protein 

For  endosoerm  protein  and  li-^'ht  transmission 

r  r    -  0.987 

S   ~    0.44?  endosperm  protein 

"The  further  observation  was  made  that  in  the  case  of  the 
endosperm  protein  data  (fig.  2)  76  percent  of  the  values  fell 
within  0,5  percent  (in  terms  of  endosnerm  orotein)  of  the  regression 
line,  while  in  the  case  of  the  total  protein  data  (fig.  l),  only 
62  percent  of  the  values  fell  within  0.5  norcent  of  the  theoretical 
curve  representing  tiie  relationship  between  total  lijht  transmission 
and  total  protein,.    'Thus  the '  light  transmission  values  are  sho-vm 
to  be  a  somewhat  better  measure  of  endosperm  protein  (and . therefore 
presuma^ly  of  gluten ■ protein) ' than  of  total  protein  content.  This 
observation  lends  further  support  to  our  theoretical  contention. 


2/    For  a  discussion  of  this  technic  sec  Snedecor,  0.  W.^ 
.  Statistical  Methods,  Ed.  3,  p.  3S2,   (1940).      The  Icwa  State 
College  Press. 
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Table  1,-    Total  protein,  ash,  endosperm  protein  (calculated),  and 
light  transmission  values  on  195  samples  of  hard  red  '-rinter 
v/heat  from  the  1940  crop.    Samples  are  listed  in  order  of 
increasing  total  protein  content.    All  data   are?  on.sa 
"as  is"  moisture  basis 


"  Sample 
Wo. 

rr  .1 

;  State 

:  Total 
:  protein  ; 
. (Kjeldahl): 

:            {Endosperm:  light 
:    Ash    J  protein  {transmission 

»                         •  • 

•  i 
%  1 

Percent  : 

Percent: 

:  Percent  ' 

:  Percent 

137  • 

;  Idaho  1 

8.23  : 

:  1.47 

:  5.30 

:  76.5 

455 

;  Washington  ' 

:      8.28  : 

1.62 

:  5.00 

:  75.2 

439  : 

;  7/ashin;r^on  : 

8.38  ; 

1.35  ' 

:      5.72  ' 

:  72.2 

621  : 

:  Washington  : 

8.53  : 

1.62 

:  5.25 

:  73.4 

540  : 

:  liontana  : 

8.62  : 

:    1.76  ' 

5.00 

'  76.3 

1,000  : 

Indiana  \ 

8.66  : 

1.82  ; 

:      4.92  ' 

:  73.0 

614  J 

Washington  : 

8.73  : 

1.48  ! 

:  5.77 

:  70.3 

139  : 

Idaho.  : 

0  «  (jU 

1.72 

5.27 

:  72.9 

145  : 

:  Vifashington  ; 

a. 96  : 

1.68  ' 

:  5.54 

:  73.2 

147  J 

.  Idaho  : 

:      9.04  : 

1.54  ' 

5.95  ' 

:  73.0 

148  : 

Washinfrton  : 

9.05  i 

1.62 

:      5.77  " 

:  72.6 

858  : 

Montana  : 

9.06  1 

1.77  : 

:  5.42 

:  73.5 

479  : 

Washing-ton  \ 

9.10  : 

1.68  ; 

:      5.86  ' 

:  71.8 

433  : 

Vfeshington  ; 

'      9.33  : 

.    1.46  ' 

:      6.41  . 

:  69.9 

480  : 

Idaho  : 

9.38  : 

1.78  : 

5.72  • 

'  69.5 

489  ' 

:  Idaho  : 

9.38  : 

:  1.76 

:   .  5.76  ' 

•  69.5 

163  : 

'  Washington  ; 

9.43  : 

1.58 

:      6.22  ' 

69.3 

451  : 

Montana  : 

9.48  : 

1.68  ' 

:      6.06  : 

70.3 

486  J 

Washington  : 

9.50  ; 

:    1.73  ; 

5.95  ■ 

:  69.6 

475  J 

Washington  : 

9.52  ; 

1,62  ; 

6.24 

:  68.7 

985  ; 

.  Indiana  ; 

:      9.53  i 

:    1.75  : 

:      5.94  ' 

\  69.8 

806  • 

:  Kansas  ; 

.      9.53  : 

:    1.74  - 

:      5.96  ; 

71.5 

143  • 

;  Washington  ; 

9.53  : 

.  1.61 

:      6.28  ; 

:  '69.9 

443  : 

;  Washington  : 

.      9.55  : 

1,70 

:      6.09  ; 

69.3 

173  : 

Vfeshingbon  ; 

9,64  : 

.    1.60  : 

6.39  : 

:  68.2 

155  ' 

;  V'Jashington  ; 

.      9.64  : 

1.39  : 

6.91  : 

:  67.9 

628  ' 

:  Washington  ; 

:      9.68  : 

1.65  ; 

:      6.33  : 

71.3 

456 

:  Washington  ' 

:      9.68  1 

:    1.58  : 

6.47  : 

:  71.1 

135  ' 

:  Washington  ; 

:      9.70  : 

1.61  : 

:      6.45  : 

:  70.5 

171 

r  Washington 

:      9.71  ' 

:    1.62  ; 

:  6.43 

\  69.8 

437  ' 

:  Washington 

:      9.75  ; 

:    1.47  : 

:      6.82  : 

70.5 

129 

:  Washington  ' 

:      9.76  : 

:    1.79  : 

•      6.09-  . 

:  72.6 

141  : 

ViTashin.gton  ' 

:      9.77  : 

:    1.64  : 

6.45  : 

69.5 

612 

:  Washington 

\      9.78  - 

:     1.49  ! 

6.80  : 

68.2 

854  ' 

:  Montana 

:      9.79  : 

1.70  : 

6.33  : 

69.8 

374 

:  Illinois 

:      9.79  : 

.    1.68  • 

6.37  ' 

70.1 

631 

:  l//ashingbon 

:      9.31  ' 

:    1.48  ' 

.      6.85  • 

:  68.6 

467 

:  Washington 

:  9.86 

:    1.58  : 

6.65  . 

:  70.2 

385 

:  Illinois 

:  9.87 

:    1.77  : 

6.23 

:  69.4 

453 

:  Vfeshington 

:      9.92  ' 

:    1.42  : 

7.10  : 

68.1 

436 

:  YiJashinrbon 

:  9.93 

:    1.59  : 

6.72  : 

66.7 

Continued 
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Ta^le  1.-    Total  protein^  ash^  endosperm  protein  (calculated),,  and  . 
•light  transmission  values  on  195  samples  of  hard  red  winter 
wheat  from  the  1940  crop.      Samples  are  listed  in  order  of 
increasing  total  protein  content.      All  data  are  on  an 
"as  is"  moisture  basis  Continued 


Total 


Sample  < 
No.  : 

State 

I  Drotein  : 
: (Kieldahl) : 

A  ,       :EndosDerm:  light 
:  protein  -.transmissi 

« 

:  Percent  : 

Percent  : 

Percent 

T)  J. 

Percent 

617  : 

Washington  : 

:     .9.93'  : 

1.46  : 

7.01  \ 

67.1 

472  t 

Washington  : 

:      9.96  ; 

1.45  : 

:      7.07  : 

.  Zoo 

:  69.3 

174  i 

Idaho  ; 

:      9.97  ' 

1 . 79  ' 

6 . 30 

70.0 

161-  : 

ffashington  i 

:    10.04  J 

1.35  : 

7.38 

:         o  /./^ 

447-  : 

'  Oregon        ^  : 

:    10.05  J 

1.95  < 

6.00 

\  70.0 

444  ' 

v/ashington  : 

:    10.07  : 

1. 59  : 

;  6.86 

nr\  Z. 

:  70.6 

756  I 

Kansas 

:    10.11  : 

1.5o  ; 

:  6.99 

1             Z,  d  c 

:          68.  p 

694  ' 

Illinois  1 

:    10.25  : 

1.G9  : 

0.33  : 

:  71.3 

718-  J 

Illinois  1 

.    ,10.35  ' 

1.93  ! 

6.34  : 

:  6y 

47B  : 

VJashington  : 

10.42  : 

1. 50  ; 

•            Z.  c  n 
!           65. V 

672  : 

Illinois  : 

:    10.46  • 

1.71  : 

:  o.yo 

:  6V.if 

857  : 

iiinnesota  i 

.    10.57  : 

^  .03  : 

:      D . ' 

:         o6 .  p 

998  : 

.  Indiana  : 

10.62  : 

1.3/  ! 

'      6.77  : 

'           6  /.y 

562  : 

.Kansas  : 

"  10.62 

1.77  : 

:      o.Vo  : 

:         68.  J 

997  : 

. Indiana  : 

:    10.67  J 

.1.84 

:  6.37 

;           68.  V 

673  : 

, Illinois  ! 

:  ,10.70  : 

1.81  : 

6.97 

1             Ao  c 
:           68.  p 

737  ; 

Kansas  ; 

10.89  : 

1.49  : 

'  7.91 

1             A  /  c 

:         64. 5 

675  : 

, Illinois  : 

11.16  ; 

'    1.84  : 

:      7.30  ' 

A  A  cJ. 

;          66 . 8 

715  ' 

. Illinois  : 

■    11.22  : 

1.S7  : 

7.37 

;  o8 

671  : 

, Illinois    _  ! 

:    11.23  : 

1.74  : 

:  7.66 

Ac  c 

:         65. 5 

595  : 

Kansas  i 

I    11.27  : 

:    1.78  : 

:  7.61 

:  64.8 

609  : 

.  Kansas       ^  : 

:    11.32  : 

1.76  : 

1 .10 

:          63 .2 

681  : 

.  Illinois    ^  : 

:    11.32  : 

1.71  ' 

:  7.84 

Ad  J 

:  68,4 

683  : 

Missouri   ^  ; 

11.38  : 

1.87  : 

7.53 

:          66.  I 

674  : 

;,  Illinois 

:    11.41  : 

:     1.81  : 

:  7.68 

LL  n 

:  66.9 

682 

:.  Illinois   ^  : 

:    11.46  : 

1.83  : 

7.70 

Ac  A 

:  65.6 

984 

:  Illinois 

:     11.47  : 

'    1.81  : 

:  7.74 

:  64.2 

600 

:  Kansas 

:  11.52 

.    2.02  : 

:  7.32 

:  64:5 

865 

Iowa 

.  1.86 

:      7.69  : 

:    .  68.7 

844 

;  Montana 

:     11 ■  ' 

:    1.67  : 

8.15  - 

:  62.9 

680 

;  Illinois 

11.58  ' 

:  1.77 

:  7.94 

:  65.0 

869  . 

;  Iowa 

11.59  . 

:  1.88 

:  7.72 

:  64.4 

702 

:  Kansas 

:  11.60 

:  1.66 

:  8.23 

:  62.3 

729  . 

:  Kansas 

:  11.61 

:    1.59  : 

:  8.40 

:  63.1 

676  . 

:  Oklahoma 

:  11.72 

:    1.78  ! 

:  8.06 

:  63.8 

748    ■ . 

:  Oklahoma 

:  1L.77 

:  1.85 

:      7.96  • 

65.2 

866  . 

:  Iowa 

:.  11.'80 

.  2.05 

:  7.54 

:  64.4 

592    ■  . 

:  Kansas 

:    11  ."80 

:    1.65  . 

:  8.45 

:  61.5 

678  , 

:  Illinois 

11  .'83 

:  1.78 

:  8.17 

:  63.9 

Continued 
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Table  1,~    Total  protein,  ash,  endosperm  protein  (calculated),  and 
li^ht  transmission  values  on  195  sajnples  of  hard  red  winter 
wheat  from  the  1940  crop.    Samples  are  listed  in  order  of 
increasing  total  protein  content.    All  data  are  on  an 
"as  is"  moisture  basis  Continued 


Sample 
No. 

n  +  p  J 

Total  : 
protein  : 
(Kjeldahl): 

Endosperm  , 
protein  ] 

Light 
transmission 

Percent  : 

Percent  : 

Percent  : 

Percent 

1,001  : 
571  : 

Iowa  : 

11,91  J 

1 . 62  : 

8.63  : 

62 ,2 

Nebraska  : 

11.92  : 

1.74  : 

8.35  ' 

rt  rt 

63*8 

632  : 

Oregon  : 

12.03  : 

1.77  J 

8.39  5 

63.8 

584  : 

Kansas  : 

12.04  ' 

1,66  : 

8.67  3 

1              Lr\  ■  rt 
60,8 

604  ' 

Kansas  : 

12.04  : 

1.57  : 

8.86  : 

/It  -  ; 

61,4 

665  • 

Oregon  : 

12,07  J 

1.76  : 

8.45  J 

/loo 

62,9 

579  : 

Kansas  : 

12 , 12  : 

1.77  : 

8.48  ! 

:  63.0 

961  : 

Oklahoma  : 

12 , 12  : 

1,78  : 

8.46  : 

1  rt 

:          61, 0 

846  : 

Montana  : 

12.21  : 

1.57  ; 

9.03  : 

62 . 3 

60 6  : 

Kansas  : 

12.28  : 

1.88  : 

8.41  ! 

:  60.0 

599  : 

Kansas  : 

12 . 30  : 

1.63  : 

9.00  ; 

CO  0 

:  59.9 

589  : 

TV  T       1  T 

Nebraska  : 

12,40  .  : 

1.81  : 

8.67  ! 

;  61.2 

711  : 

Kansas  : 

12,42  : 

1.84  J 

0.  D/c  : 

83'5  : 

Iowa       ,  : 

"10.    (  r*f 

12,47  ; 

1.76  : 

8,85 

;  61,4 

■  5t)7  : 

Kansas    -  : 

12.48  : 

1.70  : 

9.02 

;         61, u 

1,086  : 

Texas      .  ; 

12 , 54  J 

1.73  J 

rt      00  < 

8.99 

AO  c: 
62,  p 

789  : 

Iowa        .  : 

12 . 71  J 

1.89  J 

rt  r^o 

561  : 

Kansas  : 

:      12.75  3 

1.78  ; 

9.09  : 

.             KO  '  0 

'  PV.V 

629  : 

Montana  J 

12.76  : 

1 . 58  : 

9. 55 

•           At  0 
;          61, U 

825  : 

Iowa  ; 

12,81  : 

1.92  : 

rt   rto  < 

8.8*:: 

■  At  a 
:         61.  D 

713  : 

Oklahoma  ; 

12 . 86  J 

1.76  ' 

:        9.24  < 

•            CO  0 
:  59.2 

588  ; 

Oklahoma  : 

:      12.87  ' 

1.80  ; 

0    T  rt  < 

:       9 . 18  ' 

.                 CO  0 

:  59.0 

620  : 

Montana    ,  \ 

:   •  12.91  ' 

1 . 62  : 

9.63  ' 

■             CO  ■  0 

'    .  59.2 

828  : 

:  Iowa 

;      12.92  ; 

1.96  : 

rt  rtil 

:        8 ,80 

1          At  '7 
;          01,  / 

568  : 

Kansas  : 

13.26  : 

1.63  ; 

I       9.96  ' 

cn  1 
'<  57.4 

586  ; 

Kansa-s 

:      13.37  : 

1.78  : 

.    .    9.71  • 

cn  0 

:          5/. 9 

861 

;  Iowa  •        ..  ' 

:      13.49  : 

.    1.77  ' 

0    rt  c  1 

:        9.85  : 

952  ■ 

:  Oklahoma 

;     13 . 62,  ' 

1,69  ! 

T          T  rt  < 

10 . 18 

1                 C  C  T 

:  55.1 

1,031  ' 

;  lowo. 

:      13 . 62  : 

:    1.71  : 

10 . 14 

,            c  c  n 

686 

:  Oklahoma 

:  13.68 

I  .  1.^1  : 

:  10,43 

•             cA  0 

692 

:  Oklahoma 

:  13.73 

;  .  1.88 

ni  rt/ 

;  9.86 

I           cA  a 

630 

:  Montana 

;  13.70 

:  1,49 

I       lu ,  (o 

940 

:  Oklahoma 

:  13.87 

:  1.74 

:  10,30 

:  57.8 

573  . 

:  Kansas 

:  13.89' 

:  ■  1.81 

:      10.16  • 

!     •  58.4 

685  ' 

:  Oklahoma 

:  13.97- 

:    1.82  ■ 

:  10.23 

:  54.4 

615 

:  Montana 

:  14.09- 

:  1.46 

:  11.17 

:  53.7 

623 

:  Montana 

:  14.11 

:  1.50 

:  11.11 

;    ■  56,7 

618 

:  Montana 

;  14.16'. 

:  1.56 

:  11.04 

53.8 

613 

:  Montana 

:      14.26  ■ 

:    1.39  . 

:  11:53 

:  53.4 

785 

:  Nebraska 

:  14.32 

:  1,76 

:  10.70 

:  55.5 

Continued 
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Table  1.-    Total  protein^  ash,  endosperm  -orotein  (calculated),  and 
light  transmission  values  on  195'^a^-les  of  hard  red  winter 
.  v/heat  from. the  1940  crop.    Samples  arq  listed  in  order  of 
increasin.^  total  protein  content.'-  All  data  are  on  an 
"as  is"  basis  ..   -      '  ^  Continued 


Endosperm  :  Light 
orotein   :  transmission 


Sample 
No" 


State 


io^aj. 
protein 
(Kieldahl) 


Ash 


Percent 


684  : 

Oklahoma-  : 

14.37 

373 

vTyoming  ■  : 

14.37 

622  : 

Montana   -  : 

14.47 

791  : 

Nebraska  •  : 

14.51 

605  : 

'  Kansas      ■  : 

14.51 

783  : 

Nebraska  ■  : 

14.56 

788  : 

'Nebraska   ■  : 

14.56 

601  : 

'Kansas  : 

14.56 

624  : 

ilontana      *  : 

14.69 

627  : 

1 10  nt  ana      '  : 

14.71 

790  : 

Nebraska     '  : 

14.78 

559  ■  : 

Nebraska  : 

14.80 

578  ■  : 

Kansas  : 

14.87 

616  ■  : 

Montana  : 

14.88 

784   '•  : 

Nebraska       '  : 

14.92 

843    ■  : 

Montana         '  : 

14.96 

,572    '  : 

Kansas           ' : 

15.06 

.  574  ; 

Oklahoma  : 

15.12 

.  677  ' 

Oklahoma  *: 

•  15.13 

564  ! 

Nebraska  i 

.15.20 

747  : 

'  Texas  ; 

15.21 

.786  1 

;  Nebraska  : 

15.34- 

745  : 

:  Texas 

:  15.35 

679 

:  Texas  : 

:  15.36 

587  : 

:  Kansas  ; 

:  15.56 

602 

;  Nebrr.ska  ! 

:  ■  15.56 

590 

:  Kansas  : 

:  '  15.58 

576  : 

:  Kansas 

:   ■  15.66 

619 

:  Montana 

:    ■  15.66 

734 

:  Oklahoma 

r    ■  15.69 

591 

:  Nebraska 

:  15.71 

625 

:  Montana 

:     '  15.74 

913 

:  Wyoming 

:     '  15.76 

585 

:  Kansas  . 

:  16.09 

607- 

:  Kansr.s  . 

:    ,  "16.31 

691- 

:  Oklahoma 

:    ■  '16.38 

603  - 

:  Kansas  . 

:  16.41 

693 

:  Oklahoma 

:  16.51 

Percent  ; 

Percent  : 

Percent 

">  92  : 

10  38  : 

:  56.9 

1  70 

10.91  ; 

56.7 

1  .67  : 

11.06  1 

53.9 

10.71  ' 

56.7 

1.73  : 

10.96  : 

:      52 . 5 

1  88  ' 

10  69  ■ 

56.9 

1.77  : 

10.92  ■; 

52.6 

1  65  • 

11.21  : 

55.7 

1. 58  ; 

11.48  : 

52.2 

1 . 59 
— .  X  / 

:      11.50  : 

57.2 

1 .75  ' 

:  11.19 

:  55.3 

1.78  : 

:      11.14  : 

53.9 

1.89  ' 

10.95  : 

54.3 

1.35  * 

:      12.22  : 

:  49.2 

1.92  : 

10.93  ' 

56.2 

1.66  ' 

;      11.59  : 

:  51.7 

1.76 

:      11.44  * 

:  56.4 

1  76  ■ 

:  11.55 

:  51.3 

1.89 

:      11,21  ' 

J  52.2 

1.77 

;      11.56  • 

:  53.3 

1.86 

\      11.38  . 

:  52.1 

1  79 

:      11  67  ' 

:  52.2 

02 

:  11.15 

:  52.6 

1.99 

:      11.23  ' 

:  50.2 

2.06 

:  11.25 

:  54.6 

1.93 

:  11.44. 

:  53.3 

1.83 

:      11.82  . 

:  50.4 

1.65 

:      12.31  . 

!  50.8 

1..47 

:      12.73  ' 

:  50.7 

1.73 

:      12.14  . 

;  52.3 

1.70 

:      12,25  . 

:  49.0 

1.59 

:  12.53 

:  49.9 

1.69 

:      12,32  ■ 

:  50.7 

1.86- 

:  12.26 

;  50.6 

2.17 

:  11.77 

i  51:2 

1.71 

:  12.90 

:  48.6 

2.01 

;  12.22 

:  50.3 

1.86 

:  12.68 

:  49.1 

Continued 
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Table  1,-    Totr.l  protein,  r.sh,  endosperm  protein  (calculated),  and 
li'ght  transmission  values  on  195  sajnples  of  hard  red  v\rinter 
wheat  from  the  1940  crop.    Samples  are  listed  in  order  of 
increasing  total  protein  content.    All  data  are  on  an 
''as  is"  moisture  basis  '  Continued 


Total  : 

* 
• 

« 
• 

Sample  ■  j 

State  : 

protein  : 

Ash    :Endo  sperm: 

Light 

No ,  : 

(Kjeldahl) : 

« 

protein  :transmissi! 

Percent  : 

Percent  : 

Percent  : 

Percent 

626    ,  r 

Montana  j 

16.51  : 

1.61  : 

13.26  : 

■ 

51.5 

*  582    :  : 

Kansas  : 

16.54  : 

2.19  : 

11.95  : 

52:6 

'  593    .  : 

Nebraska  : 

16.63  J 

2.04  : 

12.39  : 

49.4 

•    575  : 

Kansas  : 

16.76  : 

2.25  : 

12.02  : 

49.9 

■. '  580    .  : 

Nebraska       ^  '. 

16.81  : 

2.19  : 

12:22  : 

51.0 

'849  ' 

Colorado  : 

16.83.  : 

1.94  ' 

12;80  : 

•  48,7 

'  594  : 

Kansas  .  : 

16.84  : 

1.83  : 

13.08  : 

48.9 

610  : 

Montana  : 

16.91'  : 

1.61  : 

13.66  1 

48.7 

577  : 

Kansas  : 

16.94  ' 

2,10  J 

12.54  : 

48.3 

■  787  : 

Nebraska  : 

16.99  : 

1.94  • 

12.96  : 

48.8 

1,085  : 

Texas         -  i 

17-00  : 

1.88  ; 

13.13  ' 

:  46:9 

■896    ,  : 

V'Jxromj.ng  : 

17.16  J 

1.89  : 

13.24  : 

:  50.3 

1,078  : 

Texas            ^  : 

17.36  : 

2.03  : 

13.14  ' 

:  45.5 

797  : 

Kansas           ^  j 

17.39  J 

2.22  : 

.    12.70  : 

!  47.7 

'  583  : 

Kansas           _  : 

17.40  : 

:    2.14  : 

.    12.91  : 

:  50.1 

" 581  .  : 

Nebraska  j 

17.41  : 

:    2.06  : 

13.10  : 

:  48:5 

565  : 

Kansas  : 

:      17.47  : 

:    2.03  : 

13.25 

:  48.0 

■  569  : 

Kansas  .  : 

:      17.68  : 

:    2.21  ; 

•  13.03 

:  46.1 

'  560  : 

Nebraska- 

:     17.74  ; 

:    2.18  : 

:  13.18 

:  49.5 

'608  ; 

Nebraska 

;      17.91  ' 

',    2.  ,2,L\,  '• 

.  13.19 

•  45.7 

598  ; 

:  Kansas 

:  17:98 

:    2.25  : 

:  13.24 

:  48.1 

■570  : 

:  Kansas 

:      17e99  : 

:    2.18  ; 

:  13.43 

:  48.5 

527  : 

Colorado 

:  18.03 

:    2.17  : 

:  13.49 

:  45.8 

'566 

:  Nebraska 

:  13.04 

:    2.03  : 

:  13.82 

I  45,9 

543 

;  Kansas 

:  18.15 

:    2.33  ' 

:  13.25 

:  ■  47.6 

■  ■  596 

:  Kansas 

:  18.19 

:    2.08  ' 

:  13.82 

:  45.2 

518 

:  Kansas 

:  18.22 

:  2.29 

:  13.39 

t  46.5 

'563 

:  Kansas 

:      18. 32 

'  2.49 

:  13.03 

:  47.8 

■■'597 

:  Kansas 

:      18. 32 

:    2.25  ' 

:  13.58 

:  47.4 

58 

:  Kansas 

:      18. 36 

:    2.34  ' 

:  13.45 

:  46.1 

'  28 

:  Kansas 

!  18.45 

:  2.32 

:  13.57 

:  43.3 

,  '  23 

:  Kansas 

:  18.48 

:  2.15 

:  13.97 

:  44.2 

72 

:  Kansas 

:  ■   IS. 65 

:  2.33 

:  13.75 

:   ■  43.6 

/  11 

:  Kansas 

:  ir5.65 

:  2.32 

5  13.77 

:   •  43.3 

:  ■  84 

:  Kansas 

:      18. 71 

:  2.26 

:  13.94 

:  45.2 

■40  . 

:  Kansas 

:  18.76 

:  2.54 

:     13.39,  - 

:   :  47.1 

■'  59 

I  Kansas  . 

:  18.82 

I  2.13 

:  14.35 

:  44.5 
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S-uinmary 


The  photometric  method  previously  reported  for  the  deter- 
mination of  protein  in  vfheat  flour  has  been  applied,  ':dth  minor 
modifications,  to  the  analysis  of  wheat.     Theoretically  the  method 
differentiates  to  a  considerable  degree  betv/een  gluten  and  non- 
gluten  protein  and  thus  comes' closer  to  being  a  measure  of  gluten 
'  protein  than  of  total  nrotein.      Experimental  evidence  substantiat- 

ing this  theory  is  presented, 

4  The  principal  advantages  of  the  photometric  method  for 

routine  protein  analysis  should  be  the  case  and  rapidity  i.dth  ?rhich 
a  large  volume  of  ^vork  can  be  handled  -dth  relatively  simple  equip- 
ment and  without  the  unpleasant  features  usually  associated  vrith 
a  protein  la.boratory.    An  additional  advnta--::-  is  that  the  results 
obtained  are  proba"  ly  a  somewhat  bettor  index  of  ultimate  baking 
quality  than  are  the  values  obtained  by  the  conventional  Kjeldahl 
procedure , 

Further  v-.^ork  will  be  directed  tovrard  the  adequate  standard- 
ization of  the  method  and  of  the  photometers  used  in  order  that' 
concordant  results  may  be  obtained  among  different  laboratories, 
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Figure  I.-   Total  protein  and  light  transmission  values  on  195 

SAMPLES  OF  hard   RED  WINTER  WHEAT. 
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Figure  2.- 


Endosperm  protein  (calculated)  and  light  transmission 
VALUES  on  195  samples  of  hard  red  winter  wheat. 


